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mig and Schulz+¢ described this dermatolog-
ic condition in workers in a 2,4,5-T factory.
The condition is characterized by inclusion
cysts, comedones, and pustules, with evenlu-
al searring, and originates in the temple-zyg-
omatic arca with spread to the pinpa, nape
of the neck, back, upper chest, and inguinal
area. Many of these patients also had ble-
pharoconjunctivitis.  The invesligators
showed that purified 2,4,5-trichlorophenal
{I'CP) was not ncnegenic, but that 2,36,7-
tetrachlorodibenzodioxin (TCDD) isolated
from Uhe crude TCP reaction mixture was
an extiranely potent acnegenic agent when
applicd to rabbits’ cars.t The TCDD is con-
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:

sidered on important, but not necessarily
the only, acncgenic compound in 24.5-T
production. ‘

Hepatotoxicity, Neuromuscular Problems,
Psycholagic Alterationg, and Other Syslemie
Symploms.—In addition to chloracne,
studics of workers in 24,5-T plants have
frequentiy noted other signs and symploms
suzgestive of systemic toxicity, These in-
dude anorexia and weight loss, abdominal
pains and postprandial flatulence, headaches,
weakness in the logs, and hepatic dysfunc-
Gion%1® The following psychological altera-
tions were also noted: lack of vigor, drive,
and libido; easy fatigability: emaotional in-
stability; and diminished ability to learn.

Porphyria Culanca Tarda.—Porphyria
culanca tarda is an acquired porphyria, gen-
erally occurring in men after age 40, in
which significant liver dysfunction and usu-
ally a history of alcoholic abuse are found.
“The syndroine consists of vesiculobullous le-
sions on arcas of the body exposed to light,
hirsutism, excessive mechanical fragility of
the skin, hyperpiminentation, and excretion
of red urine containing an inercazed amount
of uroporphytin or coproporphyrin, or both,
but not & large increase in urinary 8-amino-
levulinic acid (ALA) or porphobilinogen
(PBG).112 Frequently these patients have
hypetferremia and hemosiderosis, and phlcbot-
omy often reverses the clinical picture and
decreases porphyrin excretion 1314

In 1964, Bleiberg ot al*® reported studices
of 29 workers in = 2,4-D and 2.1.5-T factory.
Many of the workers had ciloracne and 11
had abnormal excretior of urinary uropor-
phyrins. Many of the workers with and
without uroporphyrinuria had hirsutism, hy-
perpigmentation, and increased skin fragili-
ty. Liver dysfunction was noled in two hos-
pitalized patients.

As a follow-up of the observations of Blei-
berg of al's of a toxic PCT in these factory
workers, we rectudied all the employees in
the same plant in February 1969 with par-
ticular eniphasis on PCT, chloracne, hepato-
toxicity, and neuropsychiatric symptoms.

t
Mecthods

Al voluntcers submitfed to a medical history
and physical examination; special emphasis was
placed on occujaitional, smuking, drinking, and

medication historics and the detection of any
n~urnlozic or dermatologic signs and symploma
Phiysical exaiminations were performed by three
different physicians; each physician’s findings
were considered final and were not contirmed
by a sccond physici

The Minncsota Muitiphasic Tersonality s
ventory (MMPI)' was administered to 23
employces in a quict atmosphese ot work ss-
pervised by manazement. The only exceplicns
were a few plant administrators who completed

the inventory at home. The individual tesis

were scored by computer, and the mean and
standard deviations were computed for each
scale and compared with normative datai® Ia

addition, the froequencies of hich and low twe- A

point scores were determined.

Each employee, after lasting for ot Jeast
three hours, was given a boltle of a beveeage
containing 75 gm carbohydrate (Glucola) &8
drirk. Two hours aiter ingestion, a blood sams-
ple was obtained and the serum glucose aad
otheg analyses were performed in an automatad
clinical lahoratory. In persons rcporting after
135 miinutes, the tao-hour scrum glucose was
eonsidered invalid and not included in the
statistical analysis. In addition to the glucose
determination, scrum glutamic  oxaloacostae
teansaminase {SGOT), lactie dehydrogecase
(LDH;. alkaline phosphatase, cholesterol, bii-
rubin, slbumin, total protein, blood urea nitro-
gen (BUN), ond bemoglobin values, and a=
hematocrit reading. red blood cell count, whizte
blood cell count (WBC), serumn iron value, and
iron-binding capacity were disclosed for each
employce.

A routine urine specimen was collected fras
each velunteer, the pHl was adjusted to 7.0, and
the specinien was (rozen until porphyrin analy-
cis. An attempt was made to shicld the urine
from ultraviolet Jipht but was not entirely Aty
factory in the industrial sctting, In additiom,
each urine sample was analyzed for ALA and
PBG by the mothod of Matver et al'? and far
vroporphyrin  and coproporphytin by the
method of Schlenkler ct all$ The porphyrsa
and porphyrin precursor levels were expressod
per gram of crextinine.

For statistical analysis, employces were b
divided inlo scveral different groups accordiag
{o location in the plant, exposure to chcmicals,
and educational Jevel All quantitative resuits
were reported as infan X onc standard dnia-
tion, percent of prevalence, of A corrclation
cocflicient between hvo variables. Significance

was detennined by Student's f-lest or x* tests -

results reported as nonsignificant  are those
with the signifivanse level (probability value)
of greater than 005. Whero distribution of

Arch Environ Heolth—Vol 22, Merch 1331

S ps00011429

- . i pewnp—

s T "
.

R A

. . . - -
-l-‘-w:-- et e oMb 2 82, SO B G, Bt eSS s e v L

—re-
o
-

LA A . o

W ey 3
xrhs e s W on v

-y

[
T oM

-
osew
’

-

I kel ISR IY SE L)

n w ke
s A

wom o ow.

- L
e

IR LRI T

e men b

PR I A

e S e Sal LAY R WS GRS T WV VSRR

P e T L D LR UL LRl ol

MAXUS0284842



KPR,

REEY

i "

L

TRV

.

318 HEALTII SURVEY IN 24-1) AND 245-T PLANT—POLAND ET AL

results on a given conlinuous visriohle was not
" normal loguithmic tean<formations were made
belore porforniing r-tests or calculating correia-
tion cocflicients. AMeans and standard deviations
are always reporied as untransformed values.

. ; . Mulu

Descriptive Data.—Seventy-cight persons

¢ were studied in the plant. Five woinen em-
ploved in the office were excluded from the

analysis. The remaining 73 employees, all

men, included one part-lime worker and

four persons who had not worked in the

plant for one to six months. The group of 73

persons was subdivided into four basic occu-~

pational subgroups: (1) administrators and
technical help, 20 men including engineers,
business office workers, laboratlory techni-
cians, and janitorial help, all housed in a
building separated fram the production area
and, thus, less exposed to production chemi-

. eals; (2) supervisors, 11 foremen spending
most of their time in the production area:
{3) on-line personnct, 28 persons working in
the production area; and {4) maintenance,
14 en with various occupalions {plumbers,
electricians, etc); some were confined to the
maintenance shop and others were frequent-
1y in the production arca.

As scen in Table 1, the average ape of the
18 Negro and 55 white employces was
39.3 = 11.1 years and the avcrage yesrs of
schoohng. 11.9 + 2.6 years. ‘The average du-
ration of emplovment was 8.3 = 7.6 years
{(Table 2). Of G4 workers questioned, 22
missed more than one day from work due to
illncss in the past year. The average numbcr
of days Jost for 63 emiployees was 2.8 days

- per year. {This excludes one person hospi-
talized for almost two months with a uri-
nary tract infection.)

Acne—A specific dermatologic history
with special emphasis on acne and porphy-
ria was {aken from all the employecs and all
were examined by one of us (P.P.).

The minimal acne Yesion consisted of co-
medones and inclusion cysts in the temple-
zygomatic area and the pinna of the car. In
more severe cases, cysts and comedones were
accompanitd Ly pustules on the face and
ear, nape of the neck and biack, and in the
worst cases, the chest and inguinal arca.
With anatomic spread, the severity of the

DS 000117430
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lesions and the scarring was gencrally in-
creased. No erythematous or edematous le-
sions were found, as previously reporied by
some investigators studying intense or mas-
sive exposure&' i
“Active acne™ was dcﬁncd as the presence
of cysts, comedones or pustules (but not
scarring). Each . of the three lesions was
graded according to the severity (grade O to
4) in each location (five possible areas: iace,
neck, back, chest, and other). The severity
grades for each lesion were summed over all
five locations. Finally, these severity sums
were lotaled 10 produce an overall active
acne score {maximal possible score: grade 4 g
in all five Jocations = 20 for each of three
lesions = 60). This arbitrary rating allossed
us to deat with the degree of active acne ina
statistical form. Scarring was scored scpa-
rately by the same system (grade 0 to 4
multiplicd by five possible areas = maximl
score of 20).
Twenty-five persons had an aclive scne
score of 0 (no lesions), 353 had a score of 1
to 8 (minimal), and 13 employecs had a
score of 9 or greater (moderate to severe).
Scarring was al=o a highly skewed parame-
ter: 37 emplovees had a score of O; 29 had a :
score of 1 {0 8; and 7 had a score greater '

.y me -

than 9. As secn in ‘Table 3, with increasing
active acne scores, the prevalence of scar- i
ring, hyperpigmentation, hirsitism, and com- H
plainis of eye irritation was greater. -

Another way of expressing the same data
is to convert &e skewed active acne scores
to a more pormal distribulion by logarith-
mic transformation (sce Methods) and com-
pare these transformed scores with other
parameters by cerrelation coeflicients. Scar-
ring, also a skewcd parameter, was umdarly
transformed.

Aclive acne was correlated with the de-

gree of scarring 7t = 0.80), the presence of
hyperpigmentatica (r = 0.38) and hirsutism

(r = 0.49), and complaints about eye irrita-
tion (r = 0.39). All the above correlations -
have a significarce level of P < 0.001. The
active acne scores were not significantly cor-
related with the uration of employnent noe
with the excreti>n of copruporphyrins per

The eccurrence of acne was not signif-
cantly greater in Negro employces than in

e v
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Table $.—Distribution, Age, and Edutational
Leve! of Empfoyccs Accordmg 1o Jon Caiegory

No. of Years ot
Grovp £mployees Age® Scnoohng®
Administrators. 3
tab techmcians, )
jantors 20 340+ 122 138423
Supervisors 11 468 + 7.4 127 =30
On-ling personnel 28 40.1 + 100 106+ 1.7
Maintenance 14 39.1 2+ 165 106 =18
Yotat plant 73 393~ 11.1 11.9 2.6
¢ Mean x 1 SD.

Table 2.—Duralion of Employment in Plant

No. of Years® _No. of Employees

o4 33

43 . 10
912 : 2
>13 ) ksd

eMean £ 1SD =83 ¢ 7.6 years

individuals who stated that they had had
tecn-age acne and who had worked in the
plant for more than 14 months do presently
have active acne, the prevalence of acne in
this group (1007;) was nol siatlistically
higher than the prevalence of acne in a
group who had also worked in the plant lor
more than 14 months buf had no histery of
teen-age acne (629, [v* = 3.40; 1 degree of
freedom, 0.05 < P < 0.1013.

The 73 male emplovees were subdivided

into groups with respect to present work
location in the plant: TCP formation, 24.
dichlorophenol (DCP) formation. phenoxy-
acetic acid production, esterificntion. formu-
lation and storage tanks, mainienance,
supervisory, loboratory help, and administra-
tion. Often one man might work in seseral
focations (cg, supervisors mizit work in
both 1CP and DCP production and in
phenoxyacetie acid production and esteri-
fication). In these cases, cach arca was com-
pared ()? test) to see i the severity of the
active acne of the emplovees mizht be worse
in certain locations in the planl There were
no statistically siznificant differences, por-
haps because of the snuall size of each group
and the mobilily of the worhers. However,
as might be expected, the maintenance men
tended to have the most sene thaving to
¢lean and repair vats and pipelines) and the
administralive people thousaed in a separate
building) {ended to have the least acne.

Mucous Membrane Imritation.—~Seven om-
ployees compliained of ilching of the eyex,
14 of frequent tearing, five of *“bloodshot
eycs,” and seven of stics. On physical exami-
nation, however, only three ¢4.195) had ap-
preciable conjunctival injection. Twenty-
three (31.59;) cinplovees had hyperemia ef
the nasal mwucosa and eight $10.97;) had
inflammation of the buccal mucosa.

Hyperpimnentation and Hirsotism.—Hy-
perpigmentation, usually mo<t proniinent on
the face, consisted of a gravizh or brownish
tone to the complexion. Hirsuti-m was most
noticeable in the arca between the outer
edge of the eyebrow and the temple hair
margin. Both characteristics ware recorded
only as being present or absent. As scen in
Table 3, 16 subjects had facial hypertricho-
sis and 30 had hyperpizmentation. Correla-
tion between hirsutism and  increased hy-
perpigmentation was signiS=nt (v = 0.253,
P < 0.05). As previously mentioned, hirsut-
ism and hyperpizmentation are significandly
correlated with the severiiy of active acne,
but neither is siznificantly coerelated with
coproporphyrin excretion.

Unnary 1ixerelion of Porpbvnm and Por-

phyrin Precursors—The average values of
ALA, PBG, and coproporphyrin found in
routine urine specimens of 72 workers in the
plant arc shown in Table £ alonz with the
normal valuecs from the literature?? The ex-
cretions of ALA, PBG, or cop:uporphyrin
were not almormally elevated. One empioy-
ce, hospitalized several yesrs ago with se-
vere PCT, still has mild uroporphyrinuria
(107pg/;m of creatinine) . However, no overt
clinical cases of porphyris were found dur-
jna this study. Only four of the 11 work-
ors with uroporphyrinuria originally de-
scribed by Blciberg of al's were stil! working

in the plant. Several of the seven employces -

with uroporphyrinurin who had leit the
plant had Leen retested by Dr. Bleiberg
before they loft and had no elevation in
urinary porphyrin excretion.

Several pertinent obsenaticrs can be
made about these urinary porphyrin values.
The excrelion of ALA and I'BG. althouzh
not atmormally elevated. nonetheless tended
to be relatively increased in the 15 maintes
nance mien versus the other 6 workers, ‘1he
coproporphyrin exceelion per geam of crea-
tinine, although again within normal limits,

Arch Environ Yicalth—Vol 22, March 1971
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was significantly clevated in the .mainte.
nance wen versus the same 56 workers
(483 = 14.4 vs 36.7 = 196, P < 0.023). Pur-
sons with higher values for coproporphyrin
cxcretion (=50 myfgim of creatinine, N =
15) did not have any greater duration of
employmient in the plant than those with
lower values (5 test). There was a signil-
icant positive corrclation between ALA cox-
cretion and coproporphyrin excretion (T =
042, P <0.001) aind Letween ALA excre-
tion and age (r = 0.42, P < 0.001), There
was a signiiicant negative correlation be-
tween ALA excrelion and serum bilirubin
concentration (r = —0.26, P < 0.05).

Cardiovascular Findings.Pulse rate and
blood pressure recordings were taken. The
average pulse was 8§5.1 = 10.2 beats per min-
ule; systolic blood pressure, 126.6 + 12.8
mm Hg; and diastolic blood pressure, 75.4
278 mm Hg. Only four persons had a
diastolic pressure greater than 90 mm Hpg.
Cardiac evaluation was unremarkable ex-
cept for histories of myocardial infarction in
three employecs. :

Pulmonary Findings.—Twenty of 73 em-
plovees (27.49%) gave a hislery of a chronic
cough, emphysema, or fairly consisient rais-
ing of ecarly moming sputum, Of these 20
workers, 16 (8077) currently smoke cipa-
reties and the other four (2072;,) had snioked
considerably in the past. In the entire plant,
42 employces (37.5%) currently smoke ciga-
rettes and another 15 (20.675) pave a histo-
ry of smoking in the past. The group of
current smokers averages 25.6 pack-years.

On physical examination 18 workers were
judged to have some impairment of maximal
diaphragmatic excursion. Fourtecn of these
currently smoke and three had smoked in
the past. Eight of these 18 workers gave a
history of chronic cough or freq.ent ecarly
morning spulwm and one gave a history of
asthma,

Although the incidence of chronie pul-
monary discase in the plant scems to be
oppreciable, it cannot be attributed to any
industrially related cause, as sugrested by
the report of Bauer” Lecause 7895 of the
employees now smoke or have smoked ciga-
rettes previously.

Hepalic Funelion.—All serum 1otal biliru-
bin values and albumin concentrations were
within the ronmal laboratory range ('fable 5

includes 1ncan values), Two subjects had
alkaline phosphatase values slightly above
the normal laboralory range (18.7 and 19.0
King-Armstrong units/100 cc, respectively
[normal range, 7 to 18 King-Armstrong
units/100 cc]): the other liver function tests
were normal. Two emplovees had SGOT
levels elevated above the normal range (48
and 121 Karmen units/ml, respectively [nos-
ma!? range, 7 to 453 Karmen units/ml] ), but
otherwise had normal liver function tests,
The employee with an SGOT value of 48
Karmen units/ml was receiving lincomycin
injections at two- to four-weck intervals
The SCOT value of 121 Karmen units/ml
was not confirmed by a second testing, and
the subject had no other evidence of liver
malfunction. Six persons had palpable liver
cdges; five of these six findings were ob-
served by one of the three physicians. Two
of these six subjects were heavy beer drink-
ers {at least four cans of beer per day), and
one had emphysematous lung changes with
lowered diaphragm. Only one of the gix
subjects with a palpable liver had an abnor-
mal liver function test, an alkaline phospha-
tase level of 19 King-Armstrong units/100 ce.
Gastrointestinal Resulls,—Several studies
of 2,45-T workers have mentioned high
prevalences of anorexia and weight loss,
postprandial flatulence, nausea and vomit-
ing, abdominal pain, and documented cases
of gastritis and ulcers 96310 At the time of
the examination 22 workers in this plant
(30%Y were infermittently experiencing at
lcast one of the following symptoms; nausea,
vomiting, diarrhea, abdominal pains, or
blood in the stool. Two persons in this
group and four other persons had a history
of “ulcers™ (6 of 73 persons or 8.223). We
found no results from other industrial set-
tings with which to compare our data.
Neurclogie Yindings.—Several authors
have noted lower extremity weakness and
fatigue in many of the patients with chlor-
acne in 2,4,5-T factories 4.7 Only seven of 73
{9.6%,) employvees in our study complained
of lower extremily fatizue or difficully in
climbing stairs. Five of these workers gave a
history of arthritis in the lower extremitics
or hearl discase with dyvspnea; thus, only
two (2.7%,) expericnced leg fatipue totally
uncxplained by other concomitant disease.
Lower extremity weakness was not detected

Arch Environ Health~Yol 22, Murch 1972

-

- D§000117432

' -
e it et B8 sed Ae mde. BT e e e s . aben nt

bl U R A,

freny

L e

in the |
tion o .

Eig!
i

compl

heada
docres

]
Y
i

|

i

(inabi v

tickin;
four ¢
memb
crimir
twoen

tion ¢

olfactk
obsen
ployex
due &
docrez
histor:
dary
three
absent
had a
Tremx
emple
cranie
no ck
reflext
or qu:
pain s
Res
tions..
BUN
mg/l{
ml), <
tevel .
The &
294 m
persor
tion i
160 W\
(28.6°
fuging

more ' |

The
termi
methe
judpe
Methe
two-hw
mg/lt
drate
mg p
six i

i
i
4
‘
.
L

e it M e ol B IR

v

oy oy -

-y




s

subjects had
glightly above
{18.7 and 190
¢, respeclively
ing-Armstrong
¢t function tests
s had SGOT
- mal range (48
pectively [nor-
nits/ml] ), but
function tesis.
T value of 48
ing lincomycin
weck intervals,
amen units/ml
nd tesling, and
4dence of liver
1 palpable liver
dings were ob-
shysicians. Two
avy beer drink- *
r per day), and
iz changes with
one of the six
X had an almor-
kaline phospha-
mg units/100 ce.
‘—Several sludies
mentioned high
nd weight loss,
1cea and vomit-
ocumented cases
? At the time of
rs in this plant
expericncing at
mptoms: nauseca,

-ninzl pains, or

“persons in this

‘ns had a history

ts or 8.29,). We
w industrial set-
sour dala.

Scveral authors
¥ weakness and
dents with ehior
Only seven of 73
tudy complained
» or difliculty in
se workers gave a
Tower exlremitics
ymea; thus, only
og Intigue totally
womitant dixcase.
i was pot detecied

T

T

"HEALTII SURVEY IN 24-D AND 2.4:7~1' PLANT—POLAND ET Al 321

in the neourclogic examma-

Table 3. —Disfribulion of Cerlain Signs, Symptoms, snd Test Scores
Among Thrce Calcgories of Aclive Acne Severity

tion of any subject

Eight workers  {11%)
complained of nonspecific

Aclive Acne Score

°

headaches, Ten workers nad  j—rr Soyees 18 29
decrem.od auditory acuity  wirsutism 3/2512%) 4735 (11%) 9/13 ¢69%)
(inability to hecar a watch _ Hyperpigmentation 525 (20%) 15/34 (44%) 10/12 {83%)
ticking 1 cm from the ear); Scarring 1722 (4.0%) 22/3%5 (63%) 13/13(100%)
four of these had tympanic Ey(l -rnlabo;!‘ 1125 (4.0%) 8/35(23%) 6/13 (46%)

K i . N . rustory of teanng.
membrane discase. Mo dis- Aching, sties.
aimination was made bLe- bloodshot) :
tween nerve or bone conducy,  Mean score of Mania - 55.4 2 7.7 58.8 £ 10.2 64.9 1 10.5¢

tion defects. A decrease in 3% of MMPY

olactory discrimination was
obscrved in only onc em-
ployce and was most likely
due fo nasal obstruction. Two persons had a
decreased sense of proprioception (one with
history of chronic lumbar arthralgia secon-
dary to traumatic injury to the back). In
three persons, Achilles tendon reflexes were
absent without other reurologic deficits {one
had a two-year history of diabeles mellitus).
Tremors of the hands were observed in three
employees. We found no abnormalities of
cranial nerves other than those noted above:
no clonus, no alterations in decp tendon
reflexes of musculi biceps or triceps brachii
or quadriceps femoris, and no alteration in
pain sensalion. : .

Results of Other Laboratory Determina-
tions.~Ouly one employce had an clevated
BUN value, as shown in Table 5 (29
mg/100 ml; normal range, 6 to 24 mg/100
ml), and none had an elevated uric acid
level (normal range, 3.0 to 7.9 mg/100 mi).
The serum cholesterol (normal range, 133 to
294 mg/100 m1) was elevated in seven of 71
persons. ‘There was an unexplainable eleva-
tion in the scrum LDH :normal range, 50 to
160 Wacker units/ml} in 20 of 70 employecs
(28.67,); this may have been due to contri-
fuging clinical chemistry blood specimens
more than two hours after sampling.

The two-hour scrum glucose levels, as de-
termined by the automated ferricyanide
method for plwose delermination, were
judzed satisfactory with 538 emplovecs {sce
Methods). Six enployecs (10.173) had a
twohour scrum glucose valve of = 140
mg/100 ml aftee a 75-gm oral carbohy-
drate load (145, 148, 152, 171, 174, and 176
mg per 100 mD. ‘The average age of the=e
gix individuals (50.6 years; range, 39 to 62)

® The persans with acne scores of > 9 had sigmlicantly higher scores on
the Mana scaie on the MMPI (P < 0.035).

was higher than that of the 52 individuals
whose results were < 140 mg/100 ml (39.3
years; range, 21 to 56). One of the six was
the only known diabetic in the plant: he had
a 19-year work history in the plant and a
two-vear history of dizbetes which is cur-
rently béing treated with tolbutamide. ‘The
average period of employment in this plant
for the six individuals was 9.2 years, with
the range being-1 to 19 years; three had
minimal chlorache and one had severe chlor-
acne. None of the six had a family history of
diabetes; one was cbese. The prevalence ol
10.39, hyperglycemic results in this factory
is consistent with a 1497 prevalence figure of
two-hour postiglucose hyperglycemia in a
random sample of a normal population in
Bedford, England.®

Only two of 72 emplovees had a hemo-
globin value of less than 13 gm/100 ml of
blood, and 1G employces (227;) had a se-
rum iron delermination of less than
75,2/100 ml. The mean serum jron valus
was 97 * 2,g/100 ml and only two employ-
eos had a value of 160:£/100 ml or greater.
The averzze value for saturation of the
jron-bindinz capacity was 27.4% = 9.0%.

" with 27 pessons (379) having a value of

less than 2575, Seven persons had a WBC of
Jess than 5003 clls/cu mm, but it was 4,000
colls/cu mm o¢ kss in only two employres.
None of the sewenn had an abzolute granule-
eytopenia (€ 1,500 neutrophils/cu mm)=2

and only onc worker had a Jvmphopenia _

(< 1,000 lymjdmeytes/cu mm).=2 Since the
normal hematoszic values used here are the
0577 confidence limits of a study of a nor-
mal population” single cases of granulocy-
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Table & —~Urinary Porphyrin Excrelion

Plast Values,

Upper Limit of Normal,
wg/em of Creatimre

Test pg/Emel Creatinine® * Normal Vatues's

ALA 1.631 & 406 1.900 » 600 pg/gmn creatirune 3,500
PBG at4 ¢ 237 700 = 400 ug/gm creatinming 1.500
Coproporphytin 333 + 190 0—]75_;;71;;; - 17253 .
‘Uroporphyrin Teacet G-15 pa/nter 152

s Mean £ SO, N= 72,

t Measurable in Only one person: value, 10?sg/gm of creatinine, ’

urine.

topenia and lymphopenis would not be un-
expected in a population of 73, The red cell
morphology and platelet count, determined
by scan of the peripheral blood smear, were
normal in all subjects.

MMPI Results,—The MMPI scores of
produciion workers (induding on-line per-
sonnel, supervisors, and maintcnance men
[N = 52] ) and the administrative staff (in-
cluding laboratory technicians [N = 17])
were analyzed separately because of the dif-
ference between the two groups in environ-
mental exposure and educational level. Four
janiters, currently working in the adminis-
tration building, were climinated from the
analysis of the administrative stall because
of a different educational background and
previous exposure as production workers.

MMPI results are based on an analysis of
soores of all subjects on 13 sepatate scales.
Ten of these scales are designated by com-
mon clinical terms and are thus somewhat
sclf-explanatory (Table 6). Detailed de-
ecriptions of each scale are fornd in An
MMPI Handbook¢ The remaining three
scales, the L, F, and K scales, measure the
validity of the test results as an accurate
profile of the subject. A high L score indi-
cates that the subject answered most ques-
tions according to socially desirabke stan-
dards rather than according to individual
preferences. More highly cducated subjects
tend to have lower L scores; this is consis-
tent with our finding of significanily lower L
scorcs in the administrative stafl. A high F
score may be obtained if a subject answers
in a prankish way, if he has a poor abilily to
read or comprehend the items, or if he is
geverely mentally disturbed. Since only one

subject out of 69 had a high F score (F>
76), the test scems to have been both under-
stood and taken seriously by the workers. A
high K score indicales a high dcgree of

Arch Environ Health—VYel 22, March 1971

$ Values derved 1rom normal by assumang 3 70-hg man excretes creatinine ot 2 1.5 gm/day and 1,500 mi of

defensiveness in a porson (an unwillingness
1o adimit that he differs in any respect from
what he considers nonmal); this score in-
creases with educational level. The mean K
scores for both groups in this plant are
normal for their cducational levels and- do
not significantly differ from each othet.
The only significant differcnces in means
on all scales between a@ministrative staff
and production workers were on the L and
Hypochondriasis scales, with the production
workers presenting a more hypochondriacal
picture than the administrative stafl. When
scores of both groups of employees were
compared with the normal values given for
‘the MMPI test scales (N, approximately
300; mean, 50; standard deviation, 10), ad-
ministrative staff and production workers
varicd significantly from normal on a total
of six and nine scales, respectively (Table
6). The normal values for the MMPI, how-
ever, were based on scores of a small popu-
lation of Minnesota males who took the test
just before World War ILI® Since many
obvions demographic diflerences exist be-
tween the plant population and the “normal
population,” it was thought that a more
meaningful definition of the plant popula.
tion would be obtained by scarching for
personality patterns appearing in high fre-
quencies within the plant. A high-point code
system was used which grouped subjects
according to the two scales in which they
scored the highest. The following high-point
codes had the greatest frequency (F): ad-
ministrative staff, hypomanic-hysterical, { =
o< production workers, hypomanic-psycho-
pathic, f = 12%. It is apparent from these
small frequencies thal no one personalily
pattorn tended to dominate either adminis-
trative or productive group.
Corrclation cocflicicnts were cakulated
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for scveral MMUDPI scales Table §.—Clinical Laboratory Dals
with other pa_r.;lmclt-rs. spch Test Mean SO e
as por]iu-.'rm . excrelion,  §ON(mer100 miy 14.5 3.9 72
chloracne, job history, and  GIZCa(mericomy 5.4 1.0 72
sgoveral biochemical tests. A Encicsterol (mg/1 00 mi) 237 a4 71
signit’-.cmt correlation Was  Two.hour serum glucose (mg/ 100 mi) 95 32 58¢
found between the score of  Atkating prosphatase (King-Arm-
severily of active acne and _Srongumis) “;" :" n
. . LOH (Wacker umts) 46t 4 70
* N ° . Burutsn (mg/ 100 miy 0.44 0.16 73
more, the mean mn'? scale Albumun (gm/iC0O mi) 4.6 03 n
score for the group with the ;e'mo;!:b-n (gm7100 mi) 14.9 1.1 72
_mest scvere chloracne Was  §grom won (ug/100 mi} 97 3z 70
simnificantly higher than the  Tgratiron-binging capacity
means of the two groups _(«g/100mD : 348 a4 €9
with less severe acne (P < Satutation ¢f iron-binding capacity (%) 27.4 9.0 69
WHC (cels/cu mm) 7,160 - 2.190 72

0.05 {Table 3]).
' Comment

Acne.—Fourty-cight of 73
(6525) employvecs in our

‘study had some degree of acne, but only 13

(18<2) had moderale to severe lesions. Most
presious investigations of acne occurring in
workers in 2,4,5-T plants have sclectively
presented clinical and pathologic findings in
thase severely aflected. In contrast, the pres-
ent study surveyed the prevalence of acne in
the entire emplovee population and found
the acne absent or minimal in 829 of the
workers.

The severity of active acne correlated
with the presence of scarring, hyvperpizmen-
taticn, hirsutism and complaints about cyve
irritation (Table 3). Dugois et alv reported
a 502, incidence of conjunctivitis in 2,4,5-T
workers with acne. Although we bad many
complaints about eye irritation, only three
wotkets were observed 10 have conjunctivi-
tis. However, 23 (327;) of the employees
had hyperemia of the nasal mucosa and
eight (112;) had hyperemia of the buccal
mucosd. '

Our findings that the presence of hyper-
picmentation and hirutisin correlate quite
significantly with the severity of acne and
not at all with coproporphyrin excretion
sugrests that these two sipms, which are
uvaunlly thouzht of as part of the PCT syn-
dromc, may be more closely related to chlor-
acne in 2,4,5-T plants. Other studies support
this view, such as (1) the findings of Blei-
berg et al'* that the presence of hizsutism and
hyperpigmentation correlaled better with

* Variation in N secondary to sampling difficulties; for N = 73, mean sge
t SD= 393 : 11.
Tt For N = S8 meanage £ SO = 39.3 2 10.9; 29% of population are Ne¢-
groes, 71% are white,
1 Clevated value 18 probably due to poor sample handling.

1; 25% of poputation are Negroes, 75% are white,

the presence of chloracne than with uropor-

phyrinuria, and (2) the findings of other

studies of 24,5-T factories’*? in which -
workers were noted to have chloracne and

hyperpigmentation but no mention was

made of skin fragility, vesicular cruptions,

or red urine. ’

As stated in the introduction, Kimmig
and Schulzt¢ have demonstrated the potent
acnegenic properties of TCDD, an unwant.
ed side product in the synthesis of 2,4,5-T.
There is a tendency in the plant we studied
for the maintenance men, who have the
most direct exposure to all products of syn-
thesis, to have the most severe acne and for
the administrative personnel, who have the
least exposure, to have the least acne. How-
ever, an association of a higher prevalence
of acne with any particular location in the-
plant could not be demonstrated, eg, in the
TCP synthetic arca where one would expect
TCDD concentration in the environinent to
be the highest. The plant has taken sleps to
decrease the eontamination of the ‘TCP end
product by dioxin, and the concentration of
the contaminant in the TCP has dropped
from 10 to 23 ppm to 1 ppm (scc the
following subsections on chemistry and the
plant). At the time of the study the effect of
the safcty measure to decrease contamina- *
tion on the severity or prevalence of chlor-
acne in the faclory could not be cvaluated
since (1) therr were no previous prevalence

Arch Fnviron Heaolth—Vol 22, Marck 1971
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Table 6.-~Sca'e Scoses on the MMPI

the TCDD to be present in

52 trodweicr Workers 17 Adiministralion Workets

10 to 25 ppm. About six
months before our’ survey,

Scate Mean &0 L 4d Mean 50 Ldd the m;np:[n"v installed a de-
L 525 82 NS A6.1 S8 NS vice which removed most of
(1] 54.6 7.4 <Q0025% H4.8 88 NS the TCDD. The TCP thus
X 53.2 &9 <C025 554 63 <0025 .
—Mypochondriating 55.5 S8 <000025 48.8 8.5  HNS produccfl contained less than
Depteasion 595 113 <0000l 567 115 <001 1 ppm TCDD, .
FHystern 55.0 A8 <0001 5839 6.7 <0001 The TCP reacts with
Psychodewiance 558 3131 <0000l 555  12.1 <0.02% monochloroacetic  acid
WMasculmiy 57.4 76 <0000l 60.7 6.1 <o0o0oozs (MCA) to form 2,45T.
Parancia 2.9 &3 <0.0% 52.6 9.6 NS The latter is csterified with
Piychasthenia $21 103 NS 0.8 89 NS various alcohols or allowed
Schizophrenia 51.2 3 NS 51.2 10.0 NS to react with dimethyla-
Mania - . €9.0 %0 <0000} 568 12.4 <0.0} mine, and then formulated
Social introversion 51.4 4 NS 50.1 9.8 NS and mdm:cd. Some 2_4'5.'1‘
Years of schooling 10.9 x 2.3 15.2 2 1.5 | and 2,4-D is sold as the un-
0.00114 . R H

Caproporphyrin - 38.8 x 150 37.9 £ 24.7 NS}) esterified ac:ld n FOlld form.

excretion, ug/gm of The starting matcerials for

creatinine : 2,4-D_are phenot and chlo-
No. of persons with  36/52 10/17 NS) rine (gas} which react in-an

some degree of acne : exothermic process to form
Active acne score . 6.2 + 9.6 2.5 + 3.2 NSt

DCP. Subsequent reactions

. S-cnihcanu values by Studenl's t-test, comparing the above popuhhoul A
to the normal population as defnne d in the text of the results. with MCA to the phenoxy-
1 The two plant groups are ssgnctcantly d.!lerenl (P < 0.005). Thiswould  goetic acid are similar to

be expected on an education bavs. -

1 The two plant groups are sig~!<antly d:f!’eunl(l’ < 0.01). ..

} Signiticance by Student's t-test,
§ Significance by x? test,

figures on chioracne in the plant with which
fo compare and (2) the efcct of such a
mecasure on the severity or prevalence of a
chronic discase such as chloracne may take
longer than six months tc become evident.

Individuals scemed to vary greatly in
their suseeptibilily to acquire chloracne.
This obscrvation is consistent with (1) the
lack -of correlation between the duration of
emnployment in the plant and the severity or
presence of chloracne and (2) the tendency
toward an increased susceptibility to chlor-
acne in persons with history of teen-age
acne,

Chemistry.—Although the structures of
24-D and 2,451 (Figure) differ only by
one chlorine, the commercial syntheses of
the two compounds are dissimilar. The
starting product for 2,45T is 1,2,4,5-1ct-
rachlorobenzene which reacts with metha-
no! and aqucous sodium hydroxide to form
2,4,5-trichlorophenate, 2,4,5-trichloroanisole,
and small amounls of several unwanted side
products, ¢z, 'I'CDD. The reaction product
is steam-stripped to remove the anisole. At

- this point, sampling of various batches shows

2.45T. In 24-D produc-
tion there is no fonmation
of the TCDD.

The Plant—The plant employs several
measures in an sltempt to improve indus-
trial hygicne. Clean werk clothes-are issued
daily, and separaie lockers for street and
work clothes are provided. All production
workers said they showered daily before
leaving the plant. The DCP and TCP are
made in one building and the 2,4-D and
2,4,5-T (acids) and their esters in another.
Attempts have been made to improve venti-
lation, and recently the company has been
suceessful in removing most of the TCDD
belore the TCP leaves the arca in which it is
synthesized. A dermatologist employed by
the company visits the plant at Jeast weckly,
largely to treat the chloracne.

Almost all operations arc carried out In
closed processes (eg, tank car to pipeline to
reaction vessel to next pipeline to next reac-
tion vessel). There is of course some leak-
age, and frequently men working in mainte-
nance must clean the inside of the reaction

‘tanks or open pipelines.

Porpliyria Cutanca Tanla—~A large out-
break of IPCT in Turkey in 1936 due to the
accidental ingestion of hexachlorobenzencse-28

Arck Enviror. Health—Vol 22, March 1971
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HEALTII SURVEY IN 24-D AND

plus the high prevalence of PCT drserited
by Bleiberg ot al'® in this 24-D and
2,4,5-T plant in 1964 support a dircct toxic
ctiolozy of many cases of PCT. The actual
etiolozic agent of PCT in this plant is un-
knoan. We have administered reagent grade
DCP to rats and observed an increas=a in the
urinary excrelion of coproporphyrin fun-
published data). A single oral dose of DCP
caused a threefold increase in the activity of
hepatic ALA synthetlase, the rate-limitinz en-
zyme in porphyrin biosynthesis, Rimincton
and Zicgler®? reported n serices of structusally
similar chlorinaled benzene compounds which
caused experimental porphyria in rats. The

" TCDD, beeause it is a pofent hepatotoxin

and acnegen, was not examined for its ability
‘0 causc porphyrinuria in experimental ani-
mals.

In the report of Bleiberg ot als in 1954 of
this same plant, 11 employees had uropor-
phyrinuria and several had hirsutists, hy-
perpigmentation, or skin fragility, oc 3ll
three. In the three case histories presented,
two patients had vesicular cruptions on ex-
grsed arcas of the body, two had hepatic
dy=function, and the tissuc obtained from
the {wo rcported liver biopsics fivoresocd
intensely with ultraviolet iiradiation. Thes=
three case histories unquestionably fulfilicd
the criteria for the diaznosis of PCT.

QOur recxamination of the same piant six
years later revealed no clinical PCT: only
one emplovee had mild persistent vrepor-
phyrinuria. The reason for the decrease in
severily and prevalence of PCT in this plant
is unknown. Pussible reasons include (1)
increased encouragement of personal safcty
habits of workers, and (2) decrease in the
contamination of PCT by the hepatciorxin,
TCDD, and perhaps simultancously by por-

245.-T PLANT—-POLAND ET AL 325

Perphyria cutanca tarda (ie, uroporphy-
rinuria, skin {eagility, and vesicular eruntions
on the skin) dacs appear to be a symptom-
complex distinet from that ol chloracne (ie,
cysts, pustules, comedones, and scarring of
the skin): both were found in workers in
this plant in which 24-D and 2,4,5-T arc
manufactured. The independence of these
syndromes is supported by (1) the lack of
correlation between the severity or even

presence of chloracne and u:oporphynnuna.

in the previous study,!® and (2) the persis-
tence of chloracne in the factory six years
later, despite the disappearance of the uro-
porphyrinuria and skin fragility, Even if the
etiologic agent is the same, the syndromes
apparently can oceur independcently and cer-
taiply kave different clinical courses,

The stalistically higher coproporphyrin
excretion in the maintecnhance men suggests

" that they have a higher toxic exposure; they

also have a tendency towards more severe
acne. These men repair the inside of reac-
tion vessels and leaking pipelines, and al-
though their exposure is sporadic, it is ap-
parently more inlense.

Recently, much sttention has been direct-
ed towards the finding of heinosiderosis and
hyperferremnia in patients with PCT, often
in those with an alcoholic history.3033 Al.
though studics of iron metabolism were not
reported in the patients with hexachloro-
benzene intoxication, chelating agents did
appear lo reverse the clinical symptoms and
porphyrin excretion3? In our study, despite
the absence of uroporphyrinuria in the
workers at the present time, a tendency
towards hyperferremia might be expected.
On the conlrary, we found an unexplainable
trend towards hvpoferremia and a lower
iron-binding saturation, with little demon-

. strable ancmin,

\\ C1_170¢

phyriagenic chemicals,
OiNa
1
CH OH
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Hepalotoxicity.—~TCDI), which has been
incriminated as a potent acnegenic agent, is
ako very hepatotoxie, A single oral dove of
005 to 0.1 ma/kg to rabbits resulted in
death in one to two weeks, Autopsy revealed
extensive necrosis andd enlargement of the
Yivers.® Similarly, dermal application of the
tarry residues in 2,4,5-T synthesis caused
grass hepatic lesions and rapid death in
guinca pigs.’® Clinically, several investiga-
tors have looked for evidence of hepatotoxic-
ity in 2,4.5-T-plant workers aflected with
chloracne. Bauer ¢t al® noted that two of nine
cases had slightly delaved sulfobromo-
phthalein excretion and threc had abnormal
Jiver biopsies. In the report of Bleiberg et

al's of patients with chloracne and porphy-’

ria, two subjects had hepatic dysfunction
and two had abnormal liver biopsics. Dugois
and co-workers®1? have noted hyperlipemic

- and hypercholesterolemic sera in their sub-

jects. Hofrrann and Meneghini*? found no
hepatic damage in six patients with chlor-
acne. Of the liver tesls performed in this
study (bilirubin, albumin, $GOT, and alka-
line phosphatase), only four values were
elevated. Three of these four elevations were
extremely mild, and the fourth was accom-
panicd by no other abnormal liver test val-
ues. Of the six patients with palpable livers,
only one had a mildly elevated liver func-
tion test. Although ‘T'CDD and other chemi-
cals produced in 2,4,5-T synthesis may be
hepatoloxic in humans, the prevalence of
demonslrable chemical liver dysfunction in
this plant is misimal.

Systemic Toxicily.—As noted in the in-
troduction, a varicty of other signs, symp-
toms, and laboratory findings have been not-
ed in various studics of 2,4,5-T workers with
acne. We found no unexplainable significant
increases in abnormal function of cardiovas-
cular, pulmonary, intermediary metabolic,
or hematologic systems in comparison with
normal populations. Although the. preva-
lence of gastrointestinal complaints seems
high (30%,) and althouzh physical examina-
tion revealed oceasional unexplainable neu-
rologic deficits (decreased hearing, six of 73
subjects; diminished proprioception, one of
73; ab=ent ankle jerks, two of 73), we could
find no figures of comparable studies with
which to compare; henee, a judgment on the
normality or abnormalily of the prevalence

- .

of these findings in this population would
only be conjectural. |

MMPIL—The MMPI results are impor-
tant in that they offer an objective profile of
the workers in one herbicide synthesizing

_plant. Conclusions about perronality changes

scoondary to chironic exposure in a plant
in which 24-D and 24,5-T are manufac-
turcd can only be tenuous, however, be-
cause we have no suitable group with which
to compare these results. ‘The comparison of
MMPI results of these factory workers with
the normal population of pre-\World War 11,
white subjects from Minnesota was inescap-
able since the scoring system for the lest is
based upon this “norm.”!¢ Nonctheless, we
consider these groups incomparable. The
only evidence to suggest any environmental
effect of this herbicide plant on personality
is the significant correlation betwecn severi-
tv of chloracne {a known toxic effect) and
the score on the hypomanic scale. This is an
interesting finding nnd somewhat contradic-
tory to the apathy and psychomotor retarda-
tion reported by Bauer et al.?

Many previous investigations of both
acute and chronic poisoning in 24,5-T
plants have reporled the symptoms of ano-
rexia with weight loss, fatigue, debilily, and
asthenia &7 However, only one author has
described in  detnil personality changes
thought to he associated with chemical expo-
sure. Bauer et al? studicd nine workers with
severe chloracne which still persisted five
years after termination of their exposure in
a 2,4,5-T plant and described a syndrome of
general weakness, fatigue, apathy, and de-
creased libido alternating with fits of anger
and irritability. Rorschach tests showed a
weakened emotional reaction, a lack of con-
centration, slowed thought processes, and
perscveration. This whole syndrome was
designatled by the tern “psychovegetative
disorder.” .

The inconsistency of our finding of a sig-
nificant correlation between hypomania and
chlorache and the previous description of
Jethargy, dulled emotional response, and
apathy? remains to be adequately explained.
Possible reasons include a basie difference in
mecthodologies and a difference in tesling
periad with relation to the time of exposure.
Additionally, the severity and chronicity of
the organic disease in subjects studied by

Arch Environ Mealth—Vol 22, March 1971
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HEALTH SURVEY IN 24-D AND 245.-T PLANT—POLAND ET AL

Bauer et 817 may have induccd pcrsonnliiy
changes which masked any manic cflcets
found with less severe discasc.

Thomas Ashhy, MD. Auzustin Combart, M),
Jerome Schuls, MD. and Arthur Dledalma, MD,
jded chinical axcistance. [Patro2a Hulman per-
formed the ALA. I'BG. and porphinn delernuna-
tions. Janct Dating, M Community Stuldy on
Pesticides, Washincton Siate | separtment of Health,
assisted in preparninz & suleetl of our data fur com-
puter analysis. I'rank Clark, 17L1, A«wstant Profcssor
of Psychiatry (Psycholozvi at Emoey Univerwty,
assisted in interpsetation of AN sesults
Jacob Bleiberz, MD. gave permisaion for entry of
the lactory studicd and provubd wntten reconds of
past medical histories for comparion On some
workers, ’

Re!erencts‘

1. Schwartz 1., Tulipon 1. Birmincgham D: Occu-
pational Discoses of the Skin. Phiisdelphin, loa &
Febiger Publishers, 1967, pp 335-34%

2 Hotmann HT: New exgenence with highly
toxic chlovinated hvdiorarbons  Nauayvn Schmiede-
berg Arch Pharm Kip Path 23220230, 15T,

3. Olivier NE: Chlorauae. Arch Lrerm 991250, 1969,

4. Kimmig J, Schulz KH: Occupational chiomene
caused by sromatic cyclic etiers. Dermatolugica
115:540-5406, 1957,

§. Kimmig J. Schulz KH: Crlorinated aromatic
cytlic ethers as the cau-e of chiouscrie. Noturwissen-
schoften 44:137-33%, 1957,

6. Schulz KI: Clinicsl ard experimental studies
on the cticlogy of chloramne. Arch Klin Exp Derm
206:569-5%, 1937,

7. Baver H, Schulz KH, Spiereiberg U: Occupa-
tional intoxications in manul.-iuring chlorphenol
compounds. Arch Ceuvrbeparh 15313-535. 11,

8. Dugois P, Colomb L: Chivtic acne: Case re-
ports srising from the prepasation of 2.4,5trichloro-
phenol. J AMed Lyon L TR SEURIY S bNTS

9, Dupeis 1%, Culomb L Ane chlorigue au 245
trichlorophenol. Lyon Afed 85:435.447, 195G, -

10. Duguis I’ Maréchal 3. Colomb L: Chlorie
scne causect by Zlﬁ-trh'hlmupéuool. Arch Mal Prof
19:626-627, 1958, -

11. Brunsting L: Observations on porphvria cuta-
nea tuda. Arch Derm Svph 20.051-504, 1004

12. Goldbetr A. Riminzton C- Diseares of Prophy-
rin Afctabolism. Springucid. 551, Charles C Thomas
Publishes, p 110 . )

13. Fpetein JH, Itedeber AG: Yorphyria cutanes
tarda symplomastica (3CT-5). Arch Derm 92:256-
290, 15 ]

14 Lundvall O, Weinfeld A Studies of the clini-

csl and mclabotic elecls of phicbolomy trestinent

327

in ponhivrin  cutance - tarda.  Acle Med Scand
ITTREINEIEUR L. N

15. Blesherg . Wallen M. Beodlin L et al:
Ing.‘luﬂrinlly acquired porphyria. Areh Derm 83790~
797, 19G4. ’

16. Ixohistiom S, Welch G- An MM Pl Haadhook.
Minneapohs, University of Mmnnewta Presa. 190,

37, Manver 1N, Twchudy 135° Jeriroth MG. et al:
The determination of aminnkesonca in b »
Auids. Anel Hinckem 14:53-60. 1 .

18. Schlenkler FS, Davis Cl. Kitchell Cl: Uri-
nary total, squeous, and ether soluble porphyrina
Techn Bull Rezist Med Techn 33250445, 195%

19, Bacger 1: Urinarv 3-amincdevulinic add sod
porphobutinnzen in difercot  types of porphyris.
Lancet 2:006-608, 1058,

20. Kiunt Clt. I'rout TE, Beadley RF, et al:
Standnrdization of the oral giucome tolerance fest:
Report ol the commitiee on statistics of the Ameri-
can Diabetic Associstion, June 14, 19G8. Diabctes
18:299-310, 180G,

21. Shap CL. Butterfield WwIHL Keen H: Diahe-
tes survey in Bedlord 1952 Proc Roy Soc Med
57:193-202, 1960 -

22, Osgood EE, Brownlee IF. Oszsod MW, et al:
Fotal differcntial and absolute leukocyle counls 3
sedimentation rates: Deteamunod for healthy per-
sons 19 vears of age and ower. Arch Intern Med
64:105-120, 1939.

23 Hofmann MF, Meneghini CL Apropos of fol-
liculosis cau<ed by chionnated Eydrocarbons (chio-
rine acne). G Ital Derm 103: 35600, 32

2¢. Cam C: Cutaneous porpdisia related to intox-
ication. Dirim 34:11-15, 1050, .

25 Ockner KK, Schmid R: Acquired porphyria in
man and at doe 10 hexachlondbencene intoxication
Nature 159:499, 190L.

26. Cam C, Nigogosysn G: Acquind texic por-
phyvnia cutsnea tarda due o bexschlorobenzens.

© JAMA 183:88.91, 1963

27. Schmid R: Awuired pocphyris. JAMA 183:133-
1M, 1953,

28. Schinid R: Cutaneots pxphyria i Turkey.
New Eng J Med 263:397-T096, 190,

29, Rimington C, Ziczker G: Experimental por-
phyria in rats induced by ehlorinaicd benzeones.
Biochem I"harmacal 12:1357-1297, 1063,

30. Tamout NM. Hathormn A, Joubert SM: Tor-
phyria in the Afiican: A study of 1U0 cascs. Quart 4
Afed 30:373-302, 1061

31. Strickland GT Jr: I'orpharia culanes larda in
association with hemnotideress ol the livr: Iron
absorption studies and evatotion of therapy by
phlelotomy. Amer J Gastroeat 50:202-207, Jo4

32 Feiher DF. llcdeker AG: Acquited porphvris
cutanca tarda, primary sufercrory anemia, amd he-
patic siderosis. Arch Intern Med 115:163-167, 1906,

33. Peters HA, Jlohnson GAM, Cum S. ot sl
Hexachivrobensenc:induc od poiphyTia:  Effect of
chelation on the disease: Fovphyria and metal
metabolism. Amer J Aed Sa 251:114-322, 1966,

" Arch Environ Mcalth—Vcl 22, March 1911

. D§00011439

2
ey .

.
Pagns Benr 8P e d 8o o4 Sal. spads 4 o wh wdon o @

-

R

i
ot
‘i
2

f e e
e T

o e
.. e e

TR T T e

e
—————— | i [ e




